There is a consensus on the importance of rural roads when increasing economic growth and household welfare. However, little is known regarding the positive effect these roads will have on the welfare of households in Viet Nam. This paper aims to measure that effect. It is known that rural roads help households increase per capita income and working hours. The estimated impact of these roads on expenditure, the share of non-farm income, and children's schooling rate is not statistically significant.
I. INTRODUCTION
Rural roads play a crucial role in the socio-economic development of rural areas (WB, 1994; Gannon and Liu, 1997; Lipton and Ravallion, 1995; Jalan and Ravallion, 2001 ). Jalan and Ravallion (2001) pointed out that rural roads are a necessary element for fostering rural income growth and reducing poverty. Rural roads can increase household income, including both farm and non-farm income. They increase agricultural productivity by reducing transportation costs, increasing access to advanced technology, increasing capital and enabling the employment of labour from outside local areas. Farmers also have better access to a greater number of markets, which facilitates the selling of goods. In addition, rural roads can also increase non-farm production and non-farm employment opportunities for local people. Increased income leads to an increase in consumption expenditure and a reduction in poverty. Additionally, rural roads result in an increased education level for children as the availability of a reliable road system reduces education costs and improves travel to and from schools.
There are several studies that measure the impact of roads on household welfare. Most find a positive connection between rural roads and non-farm income. Kwon (2000) found that in Indonesia economic growth has a larger effect on poverty reduction in areas with good roads. Roads are also found to have a positive effect on wage and employment. According to Balisacan and others (2002) , roads have a remarkable direct and indirect effect on the welfare of the poor in the Philippines. Fan and others (2002) examined the effect of a variety of infrastructure projects on poverty reduction in China. They found that the effect of rural roads on poverty reduction is larger than the effect of other infrastructures. Other positive effects of roads on household income are found in Nicaragua and Peru (Corral and Reardon, 2001; Escobal, 2001) . 1 Viet Nam is a developing country with more than two-thirds of the population living in rural areas. Although Viet Nam is very successful in promoting economic growth and reducing poverty, poverty remains very high in rural areas, especially in the mountain regions. In 2006, 20 per cent of the poverty stricken population of Viet Nam lived in rural areas, while 36 per cent resided in the Northern mountainous regions (Viet Nam, 2006) . State and international agencies work continuously to improve and maintain infrastructures, including roads. According to Donnges and others (2007) , Viet Nam had a rural road network consisting of approximately 175,000 kilometres in 2007. Around 80 per cent of the population has access to an all-weather road (according to Viet Nam Household Living Standard Survey in 2006) . This all-weather road can reach about 84 per cent of all rural cities and villages. In addition, nearly 54 per cent of provincial roads and 21 per cent of district roads are paved (Donnges and others, 2007) .
The importance of rural roads in economic growth and household welfare is clear. However, there is little specific information regarding their impact upon household welfare in Viet Nam. Their impact on living standards is often mentioned in qualitative studies. Perhaps the two exceptions are Van de Walle and Cratty (2002) and Mu and Van de Walle (2007) , who examined the effect of rural road rehabilitation projects on household welfares using data collected from the projects. They found that rural roads improve transportation to and from local markets in Viet Nam. This paper particularly investigates the impact of rural roads on household welfare in Viet Nam. Welfare indicators include household income and consumption expenditure, working effort, non-farm income and the education rate and level of children. Unlike Van de Walle and Cratty (2002) and Mu and Van de Walle (2007) , who measured the effect of specific road projects, this paper examines the effect of roads in rural Viet Nam using nationally representative data from Viet Nam Household Living Standard Surveys (VHLSSs) of 2004 and 2006. Therefore, estimates can be representative for the rural areas. In addition, the data sets used in this study are more recent than those used by Van de Walle and Cratty (2002) and by Mu and Van de Walle (2007) (who used data surveys before 2000). The condition and effect of a road system can change remarkably over time. Therefore, more recent data are required for capturing the current effect of rural roads. Two estimation methods employed in this study include fixed-effect regressions and difference-in-differences with propensity score matching, using panel data from VHLSSs 2004 and 2006.
The paper is structured into six sections. Section II introduces the data sets that were used in this analysis. Section III presents the definition of rural roads and discusses their availability in Viet Nam. Section IV presents estimation methods. Estimation results are presented in section V, showing the impact assessment of rural roads on household welfare. Finally, section VI provides the paper's conclusion.
II. DATA SOURCE
This study relies on data from the Viet Nam Household Living Standard Surveys (VHLSSs) conducted in 2004 and 2006 by the General Statistics Office (GSO) of Viet Nam. The surveys contain household data which include basic demography, employment and labour force participation, education, health, income, expenditure, housing, fixed assets and durable goods, participation of households in poverty alleviation programs, and especially information on access to different sources of water for drinking and daily use. The surveys also contain commune data, which consist of demography and general situation of communes, general economic conditions and aid programs, non-farm employment, agriculture production, local infrastructure and transportation, education, health, and social affairs. Commune data can be merged with household data.
The samples of the 2004 and 2006 VHLSSs covered 9,188 and 9,189 households respectively. Information on commune characteristics was collected from 2,181 rural communes and was representative of the urban and rural areas of eight regions. The two surveys set up a panel data set of 4,216 households. This paper focuses on 3,204 of those households, which belong to 1,068 communes. It should be noted that in VHLSS, each village is sampled from each commune. Therefore, the number of villages in this sample is also 1,068, and there are 3 households per village.
III. RURAL ROADS IN VIET NAM
Viet Nam has a highly dense population. The country is approximately 331,688 square kilometres in size, but had a population of nearly 86 million in 2009. Currently, Viet Nam is divided into 63 provinces, with each province further divided into districts. Smaller administrative units are called communes and villages. In 2009, there were 685 districts, 10,987 communes, and 125,710 villages. The average population of a village is around 685. In 2006, 97 per cent of rural communes contained an internal road that was passable by cars. However, the proportion of villages that could be reached by cars, in other words, having a connecting road that was passable by cars was lower. The proportion of households living in rural villages with a road which could be driven year round was 72. In the VHLSSs, there is a question: 'For how many months during the past year was the road passable by cars?' The answers are coded from 1 month to 12 months. In this study, we define a village having a good road if the road is passable for 12 months. 
IV. ESTIMATION METHOD
In this study, we use two methods to estimate the effect of rural roads on household welfare. This section describes these methods.
Fixed-effects regression
We use a similar specification for estimating the effect of rural roads on per capita income, per capita expenditure, work efforts, the share of non-farm income, and on children's education enrollment:
Where Y is a vector including income per capita, expenditure per capita, and other household welfare indicators, the subscripts i, j and t refer to household i in village j at time t respectively. X is a vector of household variables. D is a dummy variable indicating whether a village has a good road. C is a vector of control variables with village characteristics. u ij and v j are unobserved time-invariant household and village characteristics respectively. ε ijt is an error term. The summary statistics of dependent and independent variables is presented in annex tables A.1 and A.2. The impact of availability of a rural road in a village on household welfare is measured by β 2 .
A common problem during an impact evaluation of rural households is the endogeneity of roads (Van de Walle, 2002) . Households in an area with a large number of roads obviously have better conditions. It is more difficult to separate the effect of rural roads from the effect of other unobserved simultaneous factors at work. Technically, unobserved variables in regressions are correlated with rural roads. A standard method to deal with the endogeneity is instrumental variables regression. However, finding a valid instrument which is correlated with rural roads but not household welfare is a difficult task. We tried a variable of historic road network as the instrument for current rural roads, but this instrument does not work. Therefore, in this study we use fixed-effects regressions to estimate equation number 1. In fixedeffects regressions, the time invariant household and commune characteristics, including u ij and v j which are correlated with the rural road, are dropped from the model. It is expected that unobserved variables which are time-variant are not correlated with rural roads in the household welfare equation.
Time-invariant observed variables, like regional dummies, are also removed in fixed-effects regressions. To control time-invariant variables, we can interact these time-invariant observed variables with other time-variant observed variables and control these interactions in the fixed-effects regression.
Difference-in-differences with propensity score matching
In addition to the fixed-effects regrssions, we also used the difference-indifferences with propensity score matching. This method is ideally applied to evaluate the impact of a program when we have data on the treatment and control before and after the program implementation. These control and treatment groups can be used to measure the effect of rural roads. The difference-in-differences estimator can be expressed as follows: The above parameter of the program impact is Average Treatment Effect on the Treated, which is most popular parameter in impact evaluation (Heckman and others, 1999) . This is the expected impact of the rural roads on the treatment group. To remove the difference in welfare between the treatment and control groups, due to observed variables, we combined the difference-in-differences estimator with propensity score matching. The control group was constructed in a way so that it is similar to the treatment group. In order to construct a comparison group that was similar to the treatment group in observed characteristics, matched each household in the treatment group (participants) with households in the control group (nonparticipants) based on the similarity of observed characteristics. There were a large number of characteristic variables and finding "close" non-participants to match with a participant was not straightforward. A widely-used way to find the matched sample is the propensity score matching, which is the probability of being assigned into the program (Rosenbaum and Rubin, 1983) . In this study, the matching based on thê
propensity score is proposed to be employed. 3 The propensity score is often estimated using a probit or logit regression. Once the scores are estimated, participants are matched with non-participants according to the closeness of estimated scores. Standard errors of the estimator given by equation (2) can be estimated using bootstrap.
Compared with the fixed-effects regressions, the difference-in-differences with propensity score matching has an advantage in that it does not rely on the assumption of the functional form of welfare outcomes. However, in this study since we restricted our sample when using the difference-in-differences with propensity score matching, estimates from this method should be interpreted for this restricted sample, not for the entire population. Table 1 presents the coefficient of rural roads in regressions of different household welfare indicators. Four models were used: ordinary least squares (OLS), random-effects, fixed-effects without and fixed-effects with interactions between regional dummies and household demographic variables. OLS and random-effects models are presented for comparison and examination of potential biases caused by unobserved time-invariant variables. For income and expenditure, in addition to linear models presented by equation number 1, we also use semi-log functions. Table 1 reports only the estimates of rural roads, and the full regressions are reported in annex tables A.3 to A.9. The impact on per capita expenditure is positive, but not statistically significant in fixed-effect regressions. The point estimate of the impact on expenditure is much lower than the estimate on income. It implies that rural roads have positive effects on households' investment and saving. In addition, expenditure is less fluctuated than income. Houeseholds with low income still have to keep 3 Other matching methods can be subclassification (see, e.g., Cochran and Chambers, 1965; Cochran, 1968) and covariate matching (Rubin, 1978; 1979) . 
V. ESTIMATION RESULTS

Notes:
In fixed-effects models with interactions, we interacted regional dummies with three demographic variables of households, including size, proportion of members under 16 and proportion of members over 60. There are 21 interaction terms controlled in the fixed-effects models.
Income and expenditure data of the 2004 VHLSS are deflated to the 2006 price for comparison.
Robust standard errors are shown in brackets. Standard errors are corrected for sampling weight and cluster correlation.
* significant at 10%; ** significant at 5%; *** significant at 1%. consumption expenditure at a sufficient level. Thus, rural roads can have a minimal impact on expenditure.
Households in a village with a good road are more likely to have higher working hours per person than those without one. Although the effect estimated at around 37 hour per person per year is small, it implies the importance of rural roads in increasing employment. The effect of rural roads on the share of non-farm income in total household income and the schooling rate of children between the ages of 6 and 17 is not statistically significant.
As mentioned in section III, most communes have a road which leads to the commune center. The impact of a village road can depend on the closeness of a village to its commune road. In the VHLSS, we did not have data on the distance. Although the distance between village and commune road can increase or mitigate the actual effect of the road, it does not make our estimate biased as the distance from village to commune road is assumed to be fixed during the time of the study, 2004 to 2006, and can therefore be eliminated by the fixed-effects regressions.
The second method to measure the impact of rural roads is the difference-indifferences with propensity score matching. The first step is to predict a propensity score using a probit regression. Annex table A.10 presents this regression. The dependent variable is a binary one indicating whether or not a household lived in a village with a good road in 2006. The explanatory variables are the characteristics of households in 2004. The estimated propensity score is presented in annex figure A.1, which indicates a large common support between the treatment and control groups. It means that we were able to select similar households from the control group to match households in the treatment group.
The second step is to construct the control group. Depending on the number of non-participants matched with participants, there can be nearestneighbours matching and kernel matching. Since standard errors computed by bootstrap can be invalid for the nearest-neighbours macthing (Abadie and Imbens, 2006) , we used kernel matching with a bandwidth of 0.05. Kernel matching, using other bandwidths such as 0.01 and 0.03, produces similar estimates, but they are not represented here. Table 2 presents the estimates from the difference-in-differences with propensity score matching. It shows very similar estimates as the fixed-effects regressions. Living in a village with a good road can increase household income and working hours. The effect on consumption and child education is positive, but not statistically significant.
VI. CONCLUSIONS
Viet Nam has achieved remarkable economic growth and poverty reduction over the past 20 years, with the average annual rate of economic growth of approximately 7 per cent. The poverty rate decreased from 58 per cent in 1993 to 37 per cent in 1998 and then to 16 per cent in 2006. Household living standards have been also steadily improved. Infrastructures, especially roads, have been playing important roles in increasing household welfare in Viet Nam. Using VHLSS data, this paper makes an effort to estimate the impact of rural roads on household welfare and shows that they have a positive effect on household income. Rural roads increase per capita income by around VND 858,000, or equivalently 8.8 per cent of mean income. However, the impact on per capita expenditure is much lower. The estimated amount is positive, but not statistically significant in fixed-effect regressions. It implies that rural roads have positive effects on households' investment and saving. It is interesting that households living in a village with a good road are more likely to have longer working hours per person than households living in a village without a rural road. The effects of rural roads on the percentage of nonfarm income or level of education in total household income are not statistically significant.
The findings suggest several policy implications for Viet Nam. As noted, rural roads are an important factor for economic growth. At the household level they increase employment and income. Thus, policies geared towards improving household access to these roads are important. However, at least in the short-term a rural road policy is not effective in reducing poverty if said poverty is measured based on a consumption indicator. Finally, roads are not effective at increasing the share of non-farm income and the level of education. The implication is that improving rural roads simply increases access of people to public services and markets. Improving rural roads alone is not enough as other infrastructres, such as markets and schools, need to be upgraded. (1) (2) (3)=(1)-(2) (4) (5) (6)=(4)-(5) (7)=(6)- (3) Per capita income 5 619.0*** 4 758.4*** 860.6** 7 454.0*** 5 739.5*** 1 714.6** (ii) Standard errors are indicated by brackets and are calculated using bootstrap with 500 replications. * significant at 10%; ** significant at 5%; *** significant at 1%. Rubin, Donald B. (1979 
Notes:
Robust standard errors are shown in brackets. Standard errors are corrected for sampling weight and cluster correlation. * significant at 10%; ** significant at 5%; *** significant at 1%. 
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